'Blessed is he who contemplates the ageless order of immortal nature, how it is constituted and where and why.' euripides.
He was a rather frail, over-protected child who gained his emancipation through roaming the countryside near his home and from his Wandervogel schoolmates.
'Though all lively children like to explore, this inclination was parti cularly strong in me.-Further away, out of sight, were the "Giant Moun tains" (the real name was originally Rieselgebirge not Riesengebirge, i.e. the mountains of brooks, not of giants) separating Silesia from Bohemia, rising to over 5000 feet and bearing on their ice-moulded ridges an alpine flora of their own. Here, as a child, I began surreptitiously to climb my first rocks while supposedly playing in the forest with fir cones and moss. Here I made my first long mountain walks and learned skiing. The joy of mountaineering, or skiing, and later of bushwalking in Australia was not only enjoying sport and measuring up one's body to difficulties and dangers, alone or with companions, not only the enjoyment of the beauty and grandeur of the landscape and of animals and plants in it, but it was something quite akin to my work as scientist-the exploration of the un known. A game perhaps, but a game which has never palled on me' (1) . Before going to school, Rudi had a private teacher who was a good natural ist and who aroused the child's interest in living things so that soon his 258 Biographical Memoirs parent's flat swarmed with butterflies, frogs, lizards, salamanders and even tortoises. No doubt he also learnt to love and recognize flowers from this teacher although Rudi's mother knew the names of nearly all the local species. His school, Johannes Gymnasium, Breslau, was a liberal humanistic institu tion at which he found no difficulty. There was hardly any training in science but mathematics was well taught-at least to the three boys, of which he was one, who could follow the well-versed but pedagogically poor teacher. One master seems to have had a decisive influence upon young Rudi, the teacher of German and Latin, who accompanied the form right up to the leaving examination giving, en route, an unforgettable character education. He had an intense love for the German folk tradition without exclusive arrogance and evoked a sincere group loyalty among his pupils. Rudi regretted that his education had been on too formal lines to enable him to enjoy the spirit of Greek and Roman civilizations. He liked games, at which he must have been reasonably proficient, but never took any interest in competitive sports.
Breslau U niversity, After leaving school, Rudi Lemberg entered Breslau University and began his studies of chemistry, physics, mineralogy and geology. A few months later war broke out.
At first believing in the justice of the German cause and spurred on by his patriotic idealism, he at once volunteered for an artillery regiment and was declared medically fit by a doctor 'who knew what I desired'. However, the doctor died by accident a few days later and Rudi's papers were lost. When he volunteered again, he was repeatedly rejected on health grounds and not finally accepted until 1917 when he was 21.
So the two years 1915 and 1916 were spent in study at the Universities of Breslau, Munich and Heidelberg. He tells us that the logical structure of organic chemistry appealed to him but that neither Munich nor Heidelberg was at its best with regard to the teaching of chemistry. The interregnum between Von Bayer and Willstatter was dull while in Heidelberg Curtius was at the end of his creative period. He seemed to have particularly unfortu nate memories of the complications and heavy physical labour of silicate analyses, a response echoed some years later by the reviewers. More inspiring was the teaching of mineralogy by Von Groth in Munich and of petrography by Wiilfing in Heidelberg. It is quite remarkable in view of his later achieve ments that Lemberg never had any formal training as a biologist apart from some instruction in botany.
M ilitary training and front line service, Already somewhat more mature and disillusioned before going to the battle front, Rudi's war experiences made him a convinced pacifist. He says, 'I was not a coward and could face the dirt, danger and death of the trenches but what I found unbearable was the deliberate attempt to destroy human dignity which the drill sergeants indulged in behind the front, encouraged by their officers. This Schliff, polishing, was in fact the training school for the sadists of the concentration and extermination camps of Nazi days. One felt the hatred of the uneducated or poorly educated (including some teachers) against the educated and privileged. But I also realized for the first time the social injustice which made some of my fellow soldiers prefer the ugliness of a soldier s life to their earlier peacetime occupations; here at least was bread to eat, tobacco (of sorts) to smoke and spirits to drink' (1) . One can realize the scarring effect of such experiences upon a sensitive, ideal istic nature! Nevertheless, Rudi gave of his best. During the Somme offensive of March 1918 he made a daring and courageous attempt to repair a telephone line and was wounded; he was awarded the Iron Cross (2nd class). In November he was in the Silesian garrison town recuperating after a severe attack of influenza. It was during his service in France that he adopted the Lutheran faith, but not without a great deal of scepticism'.
Renewed studies at Breslau U niversity, 1919 After the war, Rudi returned to Breslau to take up again his interrupted studies and began his Ph.D. thesis on methyl-substituted uric acid derivatives under Heinrich Biltz, his teacher in organic chemistry.
His dissertation, presented in 1921, was entitled 'Neue Abkommlinge der Harnsaure-4.5-glykole, zugleich ein Beitrag zur Kenntnis der reduzierenden Wirkung von Phosphortribromid'. He passed the Ph.D. examination in chemistry, physics, mineralogy and geology with the highest academic honours -summa cum laude-and accepted a position as private assistant to Biltz. It is of interest that Rudi was so attracted to geology through the excellent teaching of Cloos that he seriously considered leaving chemistry for geology but was persuaded against this by Biltz.
'Biltz was a sound scholar and above all an excellent experimenter and teacher from whom one learned that which matters much in a scientific career, a high degree of patience and perseverance.-Even at the age of 23 I was not yet really mature. I had attended hardly any lectures on bio logical subjects, and my course would appear a very unsuitable preparation for a biochemist of the future. Apart from a few hours of participation in botanical and microbiological class work later at Heidelberg, all my bio logy is self-taught. However, what university professors tend to forget is that what they teach can at best carry the pupil over the next few years; thereafter it will be out of date and the pupil will be left high and dry unless he has acquired the habit of never ceasing to learn' (1) .
Y outh M ovement
One of Rudi's colleagues at this period was K. H. Slotta and together, after the Ph.D. examination, they went for a three-months' walking tour from the mouth of the Oder to Liibeck, Hamburg and the Isle of Sylt. In true Wandervogel tradition they slept in peasant barns or the few primitive youth hostels then existing. Rudi had worked in his student days in the Settlement belonging to the Breslau branch of the Soziale Arbeits-Gemeinschaft (S.A.G., Social Work Community) and it was here, incidentally, that he met his wife-to-be. The S.A.G. was founded by Siegmund Schultze who modelled it on Toynbee Hall for work in the slum quarters of East Berlin. At Sylt, Rudi came in con tact for the first time with the Freideutsche Jugendbewegung and he tells us that his contact with the German Youth Movement was one of the formative influences in his life. It absorbed so much of his energies that he even began to doubt the importance of his scientific career. Within the ranks of this move ment, he met leaders of religious socialism, Paul Tillich, in particular, making a deep impression upon his thinking. He says, 'I felt that science could not answer all the problems of life. Science could not give life meaning, or direction, or ultimate concern, though once the aims were given by Religion, Science could show the means to achieve them. Therefore Religion and Science were complementary' (4) .
A really satisfactory history of the German Youth Movement has yet to be written. The Freideutsche Jugendbewegung had developed in the pre-war years from the Wandervogel and was a movement of sincere seeking and high idealism which attracted some of Germany's finest intellects. It had sent a letter to the Kaiser requesting him urgently to do everything in his power to preserve world peace. Like so many idealistic movements, however, it soon became the target of a swarm of people intending to use it for their own ends, political, denominational etc., cranks and ruthless exploiters. The left wing spent itself in the defence of the Weimar Republic or fell under the spell of Communism.
Notwithstanding all this, it had served to bring youth closer to nature and to break down authoritative education in school and home. Rudi writes movingly, 'Even now, with knowledge of the immaturity and wistfulness of many of our dreams and the lack of concerted plans, I find it impossible to forget or to describe its magic power. It entirely altered the spirituality of its lower middle class members, giving its adherents a peculiar intensity to experience and live by commitment to one's own chosen values. Whosoever once belonged to it bears the stamp into old age and into foreign lands. It helped my development from German idealism to a religious and social realism' (1) . How true this is and how great the influence was is overwhelmingly attested by Rudi Lemberg's subsequent philosophical development culminating in his devotion to the ideals of the Religious Society of Friends which he so eloquently expressed in addresses and lectures.
Rudi worked on with Biltz in Breslau for two years, publishing three joint papers. Several factors influenced the next step in his life. First, Biltz advised him against an academic career, in spite of his promising achievements hitherto, because antisemitism in Germany still made it possible for a Jew to attain an academic position only if he had quite exceptional gifts. Biltz may also have recognized that Rudi's preoccupation with the Youth Movement detracted from his full devotion to research. Secondly, there were financial considera tions. The salary of a university lecturer was not sufficient to live on and Rudi's father had suffered severely from the inflation and the purchase of worthless war bonds. The outcome of it all was that Biltz advised a career in the chemical industry. Rudi accepted a position with a reputable pharmaceutical firm and in 1923 went to Mannheim which he disliked. He also realized that he had not the makings of an industrial chemist.
'This was an all-round dark period with rampant inflation following the French occupation of the Ruhr. Our salaries were paid daily and had to be spent the same evening in town, because the next day their value had decreased by a factor of ten. I still own a tiny safety razor bought for two billion (1012 not 109) marks! The claim of the politicians that nothing could be done about it was demonstrated to be false when finally the currency was stabilized in a day-at the moment when it could no longer be avoided. The peasants began to starve the towns, and the town dwellers formed themselves into bands to rob the fields. I am afraid that my admira tion for politicians never recovered from the shock it then received. Meanwhile, the middle classes had lost all their savings. Their desperate resistance to proletarianization was used demagogically to instigate hatred against the victors of the war and the Weimar Republic. Thus the stage was set for its downfall and for Hitler's rise. Only the heavily indebted owners of large tracts of land in East Germany and shady traders with access to foreign currency benefited. The former paid back their debts in pennies and the latter became the new-rich. The fact that among them were some Jews, mostly recent immigrants from Polish ghettos, was again useful to Hitler' (1). The economic and financial situation in Germany led to all-round retrench ment in industry and Rudi Lemberg, being one of the most recently appointed employees, was dismissed by his firm. He did, however, receive some monetary compensation in order to prevent him from using some special experience for the benefit of competitor firms. This, together with a grant from the Notgemeinschaft der Deutschen Wissenschaft, enabled him and his wife-he had married Hanna Adelheid in 1924-to return to the university in Heidelberg where he began research for his venia l e g e n d i , a qualification perm give courses of lectures.
Decisive, again in Rudi's life, was the encouragement given to him by Freudenberg, Professor of Organic Chemistry. To quote Rudi, 'In Heidelberg's old Institute in the Marzgasse, Freudenberg had wrought great changes, inspiring a new spirit of organic chemistry directed towards the solution of biochemical as well as physicochemical problems. Here, then, was my first contact with the borderland between chemistry and biology which was to become my working field. The institute was alive with exchange of ideas and research and there was a good spirit of com radeship before sinister political influences made themselves felt. Karl Ziegler, who later became head of the Max Planck Institute at Miilheim (Ruhr) and gained the Nobel prize, worked on organic metal complexes. We mountaineered and skied together in the Otztaler, Stubai and Silvretta mountains. Kautsky had come to Heidelberg from Warburg's laboratory and carried out fluorescence studies which were of importance for the understanding of photosynthesis. Hieber worked on metal carbonyl compounds and Werner Kuhn began his studies on the optical rotatory dispersion of macromolecules' (1). One writer of this memoir (C. R.) can remember this fine spirit surrounding, even as late as 1930, Freudenberg whom he met in company with George Barger who was wrorking there for some months as a guest. Kuhn gave a colder impression.
In his habilitation as Privatdozent (Lecturer) for the University of Heidelberg, Rudi chose an investigation of the chromoproteins of red and blue algae. He had been fascinated by accounts of these in Czapek's great Biochemie der Pflanzen.
'My instinct told me that they were pyrrole pigments, and the evidence brought forward against this I found unconvincing. I had read all papers by H. Fischer, not an easy task because of Fischer's habit of rapid and sometimes premature publication and his failure to admit an occasional error later. Thus, without ever having had the pleasure of working under him, I became, in a sense, one of his pupils. The same inspiration which I derived from Fischer's chemical work, I derived in the field of bio chemistry from Warburg's without necessarily accepting all his ex cathedra statements. At that time there was a fierce controversy between Wieland's hydrogen activation and Warburg's oxygen activation theories. I belonged to neither faction but, like Szent-Gyorgyi, was convinced that both acti vators and even more were involved, i.e. the electron transfer from one cytochrome iron to another cytochrome iron which Keilin had just dis covered. A lecture which I gave to the Heidelberg Chemical Society on Warburg's discovery of the photochemical action spectrum of the COcompound of the Atmungsferment satisfied the physicochemist Trautz, who at first had been rightly suspicious of my physicochemical knowledge' The year spent in Cambridge was not only rich in experience but proved to be of crucial importance when Hitler began his antisemitic persecutions under the rising tide of Naziism. Chance or design ? One is tempted to trace a thread beginning with the death of the German Army's examining medical officer a few days after Rudi volunteered for service in 1914, the loss of his acceptance papers and the following repeated medical rejections until 1917 enabling him to study meanwhile at the university, then on to his Youth Move ment work and awakening social conscience and contact with pioneer thinkers such as Siegmund Schultze, Paul Tillich and others until the first crisis of 1925 that eventually led him to Freudenberg in Heidelberg and the vistas opened up in biology and biochemistry. As we shall see, the thread continued through the second and third crises toward the serenity of thought and spirit which enfolded his last days in Australia.
One of us (C. R.) first met Rudi Lemberg when he was pounding up gull's egg shells in the biochemical laboratory in Cambridge preparatory to extracting the green pigment 'oocyan'. He worked with simple apparatus, beakers and a few test-tubes-as did Robert Robinson, Barger and many other great chemists -but he had an unerring instinct of the right way to proceed. Oocyan was isolated in crystalline form but the analytical results were not decisive and it was at first thought to be a linear tripyrrolic pigment.
In Cambridge at that time, there was a lively and fruitful interchange of ideas between the Departments of Physiology, Biochemistry and the Molteno Institute for Parasitology and outstanding scientists such as Joseph Barcroft, Gowland Hopkins and David Keilin. It was a wonderfully invigorating and inspiring atmosphere. In the biochemical laboratory such men as SzentGyorgyi and Robin Hill were working.
One day Keilin told Rudi about a green pigment which was disturbing Barcroft in his attempts to measure haemoglobin concentration in the dog's placenta. Rudi found that 'uteroverdin' could be more easily purified than oocyan and its structure was established as tetrapyrrolic dehydrobilirubin. The resemblance between it and oocyan was clear and after Rudi's return to Heidelberg he established their identity and prepared the same biliverdin synthetically from bilirubin. He thus became one of the few experts on the bile pigments.
During This was not free from danger for them, even in the early days of Nazi domination when denunciations were frequent' (1). All honour is due to the Freudenbergs and other Heidelberg colleagues who helped the Lembergs in their flight to England. The Academic Assistance Council, later the Society for the Protection of Science and Learning, which had been initiated by Rutherford and Hopkins, was doing all it could to offer protection to the pathetic stream of refugees from Hitler's pogroms. Rudi was already known and respected in Cambridge from his former visit and he was now able to pick up the threads of his work again in the haven of the Sir William Dunn Institute of Biochemistry as a Fellow of the Council.
The immediate crisis was surmounted and work continued on the systemat ization of the various bile pigment classes. But the influence of Cambridge was more subtle. 'I collaborated with Joseph Needham and his group on the "evocator" problem and with Malcolm Dixon on xanthine oxidase. Even more than this collaboration, the whole atmosphere of the Cambridge Institute turned my attention from chemical structural to metabolic and functional aspects. Thus began my gradual, though perhaps even now incomplete, conver sion from an organic chemist into a biochemist. ' Formative influences were at work not only in the material scientific plane but also in the spiritual and philosophical plane. The Lembergs had been offered a home with an elderly lady who was a Quaker and many Quakers became their friends. The charm of English and particularly of Cambridge life helped to heal the wounds suffered under the Nazi terror. They cycled through the southern parts of England, the Lake District and Yorkshire with its beautiful old abbeys. They listened to the Christmas carol services in King's College Chapel. But there were also the personal contacts.
'We often went to Quaker Meetings for Worship in England and made personal friends. In 1934 we went skiing in the Austrian Alps with a group of young Quakers, a German friend and myself acting as instructors. Rufus Jones once came to Cambridge and his sober mysticism impressed me greatly. However, we did not join the Friends then, for two reasons. First, although we were pacifists we did not share the optimism of the Friends that war could be avoided. We had experienced Hitler and the Nazis! Secondly, we did not want to join for reasons of personal gratitude though Quakerism had made a deep impression on us. The best way we could pay this debt came after we had arrived in Australia; we could join with Friends in working with Camilla Wedgwood, Sydney Morris and others in helping "non-Aryan" refugees-mostly couples of mixed marriage-to migrate to Australia. . . . Although my mother and many relatives died in concentration camps, perhaps the fact that we did not hear of it for many years-we still do not know whether my mother was murdered or died of typhus, which was rampant in these camps-helped to weaken the expected blow.
Only one who has experienced organized terror can fully understand the utter , not only of the victims, hut also of the unwilling-more or less unwilling participants. It was our faith that made us certain that Hitler's regime could not
' (4). He realized that he was just at the beginning of discoveries of biological significance when the final blow fell.
T he third crisis: A ustralia, 1933-75
Hopkins was not greatly interested or impressed by these bile pigment findings; he was at that time completely immersed in the problems of intra cellular oxidation and the role of glutathione.
Not all the refugees could remain in Cambridge and Lemberg accepted an offer to go as director of the biochemical laboratories at the Royal North Shore Hospital in Sydney. Before leaving for Australia, he risked a last visit to his parents in Breslau, certain that he would never see them again. His father died before the outbreak of war and his mother in a concentration camp.
'Although in my childhood I had longed to see the eucalypt forests of Australia, I was no longer eager to undertake an adventure which very conceivably might end my scientific career. So I went into the wilderness, for I did not expect inspiration from my Australian colleagues at that time. For many years I worked indeed in an almost complete vacuum with little response. This turned out to be a blessing in disguise as it made me concentrate on my research. Fortunately I had learned to stand on my own feet and to take inspiration from the literature. This is not, of course, ideal, but Australian science is now on a vastly different level from what it was 30 years ago!' (1). In this third crisis of his life and the pain of exile from the rich culture and tradition of Europe and all that it stood for, mentally and spiritually, Rudi was supported and comforted by the devoted loyalty of his wife who stood by him and followed him unquestioningly into the wilderness.
A wilderness it initially was! 'I had received assurances that my duties of supervision of analytical and clinical biochemistry would not be allowed to interfere with my research and this turned out to be so. When I arrived in Sydney, I found one female graduate doing the hospital analyses, one research graduate, and one technician. The technician later became chemical manager of an important chemical factory, while the graduate became an Anglican clergyman. There was little space for research and hardly any equipment. For several years no spectrophotometer was available and the first studies on the coupled oxidation of haemoglobin and ascorbic acid were carried out with a self-constructed spectrocolorimeter. An electronic spectro photometer became available only in 1951 and a recording one in 1961' (!)• 'The demands of the medical doctors of the then rather small hospital were not very great, and they were grateful when I gradually introduced some new methods. On the other hand, I received some stimulus for my work from clinical cases of porphyria, met-and sulph-haemoglobinaemia, myoglobinuria and chloroma' (1). The early years in Australia formed a period of intense and fruitful continua tion of the research initiated in Cambridge on the vitro transformation of haemoglobin into bile pigments. An article 'Disintegration of haemoglobin in the animal body', appearing in Perspectives in , summarizes Rudi Lemberg's work and ideas on the bile pigment problem up to 1937.
Rudi and Hanna Lemberg built their home in an acre of virgin bushland on the northern outskirts of Sydney, starting like pioneers by felling trees and grubbing out their roots. This beautiful sanctuary at Waharoonga is full of wild flowers, every one known and loved by Rudi, and of giant Angophora (red gum) trees. He and his wife have also cultivated a garden of camellias, rhododendrons and azaleas. Today, every plant and tree carries a descriptive name-label for the benefit and edification of those who come as visitors to 'The Sanctuary'. A Meeting House for the Society of Friends was built in these surroundings in 1962 and extended in 1968 with funds made available by Rudi's Britannica Award for eminence in science.
T he W ar, 1939-15
The outbreak of the war which Rudi had so clearly foreseen, necessitated inevitably some reorientation of research activities in order to deal with ad hoc problems. Nevertheless, the main theme of biological haemoglobin breakdown was logically pursued and recorded in a series of papers mainly in collaboration with colleagues such as J. W. Legge, and W. H. Lockwood. Among investi gations more directly directed toward the war effort may be cited that of the metabolism of symmetrical trinitrotoluene (TNT) in the animal body, studies on sulphonamides and aminobenzoic acids and their role in bacterial metabolism, the preparation of X-ray contrast media, observations on the 'crush injury' syndrome and so on.
'An interesting episode was the isolation of a crystalline orange pigment from a fungus which I had collected on bushwalks. I had called it "polystictin" but it is now called "cinnabarin", the name of the fungus having undergone alteration meanwhile. At the time of its first isolation, it was the only nitrogenous fungal pigment known. It was later found simul taneously by Australian and Scandinavian scientists to be a 2-aminophenoxazin-3-one derivative somewhat related to actinomycin. Some of my early observations on its decarboxylation helped my Australian colleagues to arrive at the correct formula' (1).
T he first monograph: 'H aematin compounds and bile pigments'
During these early years in Australia, Rudi Lemberg's interest had gradually spread to haem pigments other than haemoglobin and to the possible mechan isms by which they were biosynthesized. He says, 'In 1946, after the war, I found it propitious to write a book on Haematin compounds and bile pigments. There was at that time no book which summarized the extensive biochemical literature of the field. When it finally appeared in 1949, it became a standard book for workers in the tetrapyrrole field' (1).
This latter claim is no exaggeration. The monograph covers an immense field authoritatively. What is, perhaps, not generally realized is that Rudi went to the original sources whenever he could and read personally the majority of the many papers cited in the bibliography. He did not avoid speculation on what his intuition suggested to him and in retrospect it is striking to see how near he was to the truth in many instances.
Of course, there were clues to follow such as the demonstration of Shemin and Rittenberg [7] by the use of the 15N isotope that glycine is a specific precursor of haemoglobin haem. Nevertheless, one must admire the imagina tive insight which these speculations reveal.
The monograph appeared in 1949 and was a great success. It won for Lem berg world-wide recognition as a biochemist and leader in the tetrapyrrole field. In spite of its wide range, the book is eminently readable and reveals in its author the combination of German thoroughness and Jewish flexibility of spirit which he himself recognized were the main ingredients of his character. Gifted co-workers were attracted to his laboratory, particularly when the Aus tralian National Health and Medical Research Council began to support his work. 'For many years the Council has paid all the salaries of my co-workers and, only recently, valuable help has come from other bodies, notably the National Heart Institute of the United States Public Health Service. Thus my research staff grew to ten and my clinical-analytical staff to six' (1).
T he next ten years; w idening horizons; cytochromes and cytochrome oxidase; the evolutionary importance of the tetrapyrrole pigments
The years 1949 to 1959, the latter rather arbitrarily chosen because it is the date of the International Symposium on Haematin Enzymes, arranged by the Australian Academy of Science for the International Union of Biochemistry, cover a period of fine scientific and intellectual endeavour combined with philosophical and religious development. Rudi and Hanna Lemberg joined the Religious Society of Friends (the Quakers) in 1956 in which year also he ad dressed the Sydney Monthly Meeting on 'Religion, science and the scientist'. In 1966 came his outstanding and revealing James Backhouse Memorial Lecture entitled 'Seeking in an age of imbalance'.
On the scientific side, he was elected a Fellow of the Royal Society in 1952 and became a Foundation Fellow of the Australian Academy of Science almost simultaneously, while in 1955 Rudi founded the Australian Biochemical Society and became its first president.
For many, such multifarious activities would be enough, but the Lembergs still found time and energy to work with those who were helping non-Aryan refugees to migrate to Australia. In this, Quakers such as the late Camilla Wedgwood and Sydney Morris were prominent. Thus with deep humanitarianism, Rudi helped to repay the kindness and help which he himself had earlier received.
It is impossible to describe Rudi Lemberg's scientific production during this period in divorce from his deepening philosophical and religious conscious ness, and no attempt will be made to do so. The subjects of his research reach down to the foundations of life and raise the questions not only 'how ?' and 'where ?' but also 'why ?'
The organic chemist of the early 1920s developed into a mature biochemist and still further into a biologist and philosopher! 'In some articles I have stressed the nature of biochemistry as a "discipline" in its own right and have shown how it invades almost every branch of biology. Nevertheless I am far from equating biochemistry with the whole of biology as some biochemical geneticists are doing in their justifiable enthusiasm over the great progress of biochemical knowledge in the field of genetics. For one thing, this equation would exclude a large field of biology in which biochemistry is of little or no help, the whole field of human self-consciousness, psychology, human feelings, valuations, thoughts and the construction of human science and human society' (1).
T he origin of life
'What! Out of senseless Nothing to provoke A conscious Something to resent the Yoke!'
Rudi Lemberg thought deeply and read widely, not only the literature of different scientific disciplines, but also the contributions of philosophers and philosophical scientists-Tillich, Bonhoeffer, Barth, Teilhard de Chardin, Eddington, Popper, Sherrington, Schrodinger, Eccles, Whitehead and others. It was inevitable that his enquiring mind should be confronted by the problems of the origin of life and of self-consciousness in man. However, we meet him more as a critic than as an original contributor.
He published a critical examination of Bernal's [1] 1947 Guthrie Lecture on 'The physical basis of life' in which he considers first of all several proffered definitions of life; 'Bernal begins with stating that Pirie [5] has practically proved the impossibility of defining life in his contribution to Perspectives in Biochemistry entitled "The meaninglessness of the terms 'life' and 'living'." One must disagree with this statement. Apart from the poor philosophy which considers meaningless what cannot be strictly defined, Pirie's inability of arriving at a satisfactory definition is mostly based on his inability to appreciate what "part of", "derived from" and "potentiality" mean. The special thermodynamic aspects are not considered by Pirie, and the connection of life with protein synthesis is dismissed in one sentence which does not even refer to proteins but to the possibility of asymmetric synthesis outside life' (5) . Rudi Lemberg points out that Bernal tries to escape the difficulty of definition by choosing to define the totality of processes in the biosphere. Then, after a consideration of thermodynamic aspects he states, 'now there seems to be no open system in nature, apart from living organisms, in which the maintenance of steady state is based on complex organic chemical reactions with anamorphosis and on a pre-existing complex pattern of proteins and other organic substances' (5) . He stresses the extreme complexity of intracellular organization to be found in even the simplest cell and quotes Sherrington, 'A scene of energy cycles, suites of oxidation and reduction, concatenated ferment actions. It is like a magic hive, the walls of whose chambered sponge-work are shifting veils or ordered molecules which rend and renew as operations rise and cease. A world of surfaces and streams. We seem to watch battalions of specific catalysts, like Maxwell's demons, lined up, each waiting, stopwatch in hand, for its moment to play the part assigned to it, a step in one or other great thousandlinked chain process! Yet each and every step is understandable chemistry. The processes going forward in the cell are co-operatively harmonized. The total system is harmonized. ' 'The above definition of life, while satisfactory, is', writes Rudi, 'in fact not strictly physico-chemical. It retains so-called mystic elements hidden in the pre-existing organization' (5) .
It is the question whether this complexity of organization, far greater than anything found in nature apart from life, could have arisen by chance, as is assumed for the organization of inorganic life.
Bernal's speculations are critically examined and rejected. A few words should, however, be added about his final conclusions.
'Considering the origin of life, which is an historical event, we cannot neglect the present state of life, and this includes the human mind, a phenomenon queerly uncomfortable to adherents of physicalism. Bernal's answer is along well-known lines; as life is due to more complex organiza tion of physical units (that is finally of energy) so is mind, only at a higher level still. . . . Both the attempts to interpret energy on the basis of mental conceptions and to interpret mind on the basis of energy concep tions are over-penetrations. This is no longer science nor even philosophy but an act of faith. It is not necessary to raise objections against acts of faith, as long as they do not claim to be something else' (5). In another discussion Rudi says, 'Attempts at speculations on the origin of life are interesting, but no more than speculations. Since they deal with a highly improbable, possibly unique event, and since they are not falsifiable, they have no legitimate standing in the realm of science' (6). 'The Gods did not reveal from the beginning All things to us; but in the course of time, Through seeking, men find that which is better.' X enophanes (translated by K. Popper from Fragmente der Vorsokratiker of Diels Kranz).
Although Rudi Lemberg devoted several addresses and lectures to the theme of the relation between Science and Religion, such as his address to the Sydney Monthly Meeting of the Society of Friends in 1956, 'Religion, science and the scientist' (7) it is in his James Backhouse Lecture (3) he gives us a wide and revealing picture of his mature philosophy. The lecture was delivered before the Australian Yearly Meeting in 1966.
James Backhouse was an English Quaker who visited Australia from 1832 to 1837. He expressed deep concern for the welfare of the convicts and for the aborigines. He was also a botanist and left full descriptions of what he saw. To Rudi, he must have seemed, in retrospect, a kindred spirit.
'Today, the recognition that we are living in an age of crisis is so general that in itself it needs no stressing. The word "seeking" in my title shows, however, that my ideas today have no resemblance to those of Spengler [8] .
For "seeking" is exactly what would appear to Spengler senseless. Cycles of civilization according to him are born, come into maturity, and die and this is assumed to be an unalterable historical law. . . . The allimportant question for us is not what might happen, but what we, in the position in which we find ourselves, are called upon to do in an obviously threatening situation' (3). The main causes of present imbalance are diagnosed as the frantic clutching after external security, which neither the Welfare State nor medical advances have provided, and the gulf between what science can and should do and what it is allowed to do. 'The western nations try to make the world safe for demo cracy, the communist nations try to safeguard the revolution. Both together succeed in making the world thoroughly unsafe for everybody. And as Teilhard de Chardin [9] says in The Phenomenon of man, "The mobilists who conceive the universe as a dynamically-evolving one face the immobilists who conceive it as a permanent static one".'
It becomes essential to understand what Science is and is not and its relation to Religion. 'Science is a special way of seeking truth. It is not, as is often stated, inductive, but neither is it based on imagination alone. It is strictly disciplined and controlled imagination, subject step by step to rigid impersonal testing. . . . There are, however, also large areas in science which cannot be based on experiment but must be based on a wide correlation of observed facts, e.g. geology' (3).
Then, again, science is not to be confused with scientism, the philosophical theory that science is the only way to truth, or with technology which embraces the application of scientific discoveries to various practical ends.
'What then,' asks Rudi, 'is the relationship between science and religion ?' In 'Religion, Science and the Scientist' (7) he quoted Einstein:
'Science is the century-old endeavour to bring together by means of systematic thought the perceptible phenomena of this world into as thorough-going an association as possible. A religious person is devout in the sense that he has no doubt of the significance and loftiness of super personal objects and goals which neither require nor are capable of rational foundation. They exist with the same necessity and matter-of-factness as himself. In this sense religion is the age-old endeavour of mankind to become clearly and completely conscious of these values and goals, and constantly to strengthen and extend their effects. . . . If one conceives of religion and science according to these definitions, then a conflict between them appears impossible. For science can only ascertain what is, but not what should be, and outside its domain, value judgements of all kinds remain necessary. Religion on the other hand deals only with evalua tions of human thought and action; it cannot justifiably speak of facts and relationships between facts.' In Rudi's view, it was the failure to understand this complementarity which led to the conflict between science and religion and by the understanding of which the conflict will finally be resolved. Complementarity exists within science itself, e.g. in the electromagnetic theory of light.
One of the most dramatic and eventful clashes between science and religion was, of course, that in 1860 between the Darwinian theory of evolution and the ecclesiastical dogma of the day. Whilst evolution, including that of man, has by now become firmly and almost universally accepted, there still arise for the religiously minded scientist certain uncomfortable problems. Is man unique or merely a highly developed animal ? Is he alone in being a selfconscious being ? And is his sense of values and his altruism something other than a product of advanced cerebration ?
Neurophysiology, performed as an exact science, has gone far to provide affirmative answers. Self-awareness and mind appear to require languagelinguistic ability and imagery-as a fundament; language, as distinct from call-signs expressing fear, warning, etc., is an attribute of man alone.
The possession of a self-conscious, reasoning mind opened up to man vast possibilities pregnant with unimaginable potentiality but it also laid upon him, as a creature with freedom of will, the burden of responsibility. With what penetrating symbolism the Hebrew poet-prophet of Genesis wrote, 'Of the tree of the knowledge of good and evil, thou shalt not eat of it: for in the day that thou eatest thereof thou shalt surely die'. It is just that! 'Only the accept ance of values', writes Rudi, 'can determine aim and direction; science has nothing to contribute to this. But only science in its impartiality can then investigate the best and possible means to the desired end. In so far as the achievement of the kingdom of Christ on earth is a religious aim, religion cannot do without science, nor can a scientist as a person live a full life without religion. This is the complementarity of religion and science' (3) .
Not all readers of the James Backhouse Lecture will share Rudi Lemberg's somewhat vehement criticism of the orthodox Christian faith or his enthusiastic support of the 'new secularism' of modern theology led by Barth, Bonhoeffer, Bultmann, Tillich, Bishop Robinson, Berdyaev and Buber whose views he summarizes; however, one must concede much in his argument.
There then follows a commentary upon immortality and eternity, rational mysticism and the Quaker message of the Inner Light; 'I believe that our personal entity will be preserved only in the sight of God in our contributions, however small, to God's world, but will thus be preserved for eternity.' 'Rational mysticism transcends reason, but does not reject reason. It is the mysticism of immediacy which makes us begin our worship in silent waiting for the presence of God.' 'I believe that the Quaker message of the Inner Light of Christ which shines in every man, may it be ever so deeply buried, is true Christian religion and true humanism' (3).
This remarkable record of the religious philosophy of a scientist, a seeker in an age of imbalance, concludes, 'Religion for the conscientious seeker is not all a matter of doubt and self-questioning-he knows that the mountain is there and whether he goes up or down, "There is a kind of sureness which is very different from cocksureness" (Eddington). I should describe it as the certainty to be engaged in a meaningful task in a meaningful world, which is true for science and religion alike. "We know by experience that life is not all seeking, not all doubt" (K. Lonsdale)' (3) .
N ature lover, botanist and bushwalker
From childhood on, Rudi Lemberg had been a lover of nature and of wild flowers, appreciation kindled, together with the spirit of exploration, by care free days alone on the Riesengebirge and with companions of the Wandervogel. Now, in his new homeland, he found relaxation, delight and spiritual inspiration in the beautiful country within reach of his home. He was entranced by Australia, its flora, its magnificent scenery and by the vision he discerned of its future destiny.
Through the following lengthy quotation there runs a note of thanksgiving. 'I acquired knowledge of my new homeland in the same way in which I had become a citizen of the old-by walking through the bush, by enjoying the comradeship of walk and climb and ski-run, around the camp fire in the bush, or in winter in deserted cattlemen's huts in the Kosciusko Alps which we had provisioned in the summer, by mixing with people of all walks of life. We had the joy of exploring little-known country on the western slopes of the Australian Alps and in the rain forests of the Queens land border. The Hawkesbury sandstone country around Sydney is romantic and beautiful with its steep rocky gorges filled by fiords, even if they go here by the unromantic name of "creeks" . It is rich in a great variety of beautiful wildflowers, whose close-up photography is one of my hobbies. . . . In many respects Australia is akin to Mediterranean lands, and at its glorious coast line Homer's Odyssey becomes alive. Life is easier and some Nordic gloom evaporates like mist in the warm sun; but the land of the Lotophagi-here called beach-lizards-is also on these coasts. Perhaps the Australian sun had also something to do with my conversion from the Lutheran to the Quaker faith. This statement may appear odd in view of the fact that England, where Quakers origi nated, is hardly a sunny country; yet the climate of the Quaker soul is essentially sunny and cheerful. Some political rethinking became neces sary. Many of the tenets of socialism lose their desperate urgency in a country in which a classless society has partly become a reality more than in most other lands, including communist ones. On the other hand, problems of minor urgency in countries such as England or Germany, e.g. that of excellence versus equality, become of greater importance. Many Australians are still inclined to consider not only intellectual excel lence but excellence of any kind, except in sports, and theoretical problems with grave suspicion. It is often refreshing, however, to do some rethinking in surroundings where tradition is not quite as restrictive as it is (or was ?) in the old lands of Europe and where many citizens, in the cities as well as in the country, still have the courage to form an opinion independent of what the expert says-the pioneer ability to help themselves, and also the readiness to help their neighbour. These abilities have contributed a great deal to the rapid rise of the young Australian scientist. In some fields at least, notably that of music, the contribution of cultured immigrants from Europe, particularly from Vienna, has found ready acceptance, together with the delights of delicatessen from many lands. The Australian ugliness (Robin Boyd [2] ) of architecture is changing slowly. 'During the last decade or so, Australia has become a melting pot in which a new brew is simmering. What its final taste will be like nobody can as yet predict, but it is simmering more slowly and its new ingredients are being added more gradually than in some other countries. Perhaps it may become more palatable than America's idolization of productivity or the Soviet idolization of collectivism. One may even dream of a future when the White Australian Policy is forgotten, and the ingredients of the melting pot will be further enriched by the addition of Oriental flavours. There is little genuine racial prejudice among Australians. The nearness of Asia and the fact that Australian and Asian characteristics and constitutions are essentially complementary-freedom from tradition and very old tradition, technical and political know-how and the art of living-all this makes the dream perhaps not quite so Utopian' (1). Rudi was an expert botanist; his delight in flowers was both scientific and aesthetic. 'His knowledge of the Australian flora was of a professional standard. If one had failed to prepare a report on something that he wanted, one only had to take a plant specimen in to him with an account of where it was col lected and any question of reports could be shelved for quite a long time. Among other things, he catalogued the plants that were growing on his acre of land on which his home was built. This is also connected with his contribu tion to the upkeep of a stretch of land that the Society of Friends had acquired in the Kangaroo Valley' (Lockwood).
T he second monograph : 'T he cytochromes'
This, Rudi Lemberg's second masterly contribution to the chemistry of the tetrapyrroles, was written together with his chief collaborator in this field, J. Barrett, and published in 1973. In it he comments critically upon something like 5000 references, and he depended on abstracts in only a small fraction of this total. Rudi's study of the literature was meticulous and systematic. 'This was a task that he was doing in the second half of his seventies. He used to work on the book day after day with complete absorption. He could leave it for meals (provided he was reminded) but I never saw him feeling fed up with the task' (Lockwood).
Just as with 'Haematin compounds and bile pigments', 'The cytochromes' is likely to remain the authoritative reference work on the subject for many years to come. It critically reviews the literature from 1949 to 1972.
T he third, unfinished, monograph: 'Complementarity'
It is convenient to mention at this point Rudi Lemberg's plans for his third book, a treatise on Complementarity. Following his usual plan of work, he prepared a list of chapter headings, fifty in all, covering an immense range of topics in which science, metaphysics, ethics, sociology, religion and culture, and Quakerism find their place. He realized it was a work which would take him many years to complete but which would be his final message. Five chapters were finished at the time of his death. Perhaps these may one day be published. They are a memorial to Rudi's wide learning, critical acumen tempered by tolerance, and his loftiness of spiritual understanding.
Researches
The four main areas covered by Rudi Lemberg's large output of research are (1) the structure of the bile pigments, (2) the mechanism of the conversion of haems to bile pigment, (3) the structure of prosthetic groups, especially those of cytochrome oxidase and cytochrome a and (4) the biochemistry and chemical pathology of the porphyrias. In all these fields he made notable contributions which have stimulated various groups of investigators through out the world.
Much of his earlier fundamental work was accomplished with the use of colorimeters and filters and point-to-point plotting of visual absorption spectra. Only later did photoelectric instruments become available and sensitive tech niques such as thin layer and liquid chromatography, mass spectrometry, nuclear magnetic resonance and the use of isotopic tracers. Both personally and as leader of a talented group of collaborators, he continued until his death in 1975 to advance knowledge in these chosen fields.
Early work
The work on uric acid derivatives and on the action of phosphorus tribromide as a reducing agent was the subject of his Doctor of Philosophy thesis and has been referred to earlier as a debt to his supervisor Professor Biltz who laid the foundations of his training as an organic chemist. Not until he went to Heidelberg in 1926 did he learn from Professor K. Freudenberg of the trends of that time in organic chemistry towards biochemistry and the application of physical methods.
After carrying out a brief investigation on catechins, Lemberg began inde pendent research work for his habilitation (in 1930) as Privatdozent, demon strating that the prosthetic groups of the chromoproteins of the Rhodophyceae were bile pigments. Helped by his wife, he isolated the algal chromoproteins from great vats of the pulped Japanese seaweed 'Nori' and induced them to crystallize. On splitting the pigments themselves from the colourless protein to which they were attached, he observed a similarity between them and the products of oxidation of the bile pigment bilirubin but the first definite clue to their bilirubinoid nature came with the observation of the fluorescence of their zinc complexes. He named the pigmented prosthetic groups 'Phycobilins'.
The isolation of a urobilin and of a violet pigment, mesobiliviolin, from the split products of the two algal chromoproteins phycoerythrin and phycocyanin was indeed the first demonstration of bile pigments in the plant kingdom. Raw material had to be processed in 100 1 batches and led to the isolation, at the most, of a milligram or so of purified material, contrasting with the few micrograms from which modern identifications can often be carried out.
A tour de force was the crystallization of biliverdin as its dimethylester, a task which had defied biochemists for the seventy-odd years since it had first been observed. It was this seemingly simple manipulation and the recognition of its significance which determined the next twenty years of Lemberg's work. But there is still more to it than this. Later workers have shown that these algal pigments are vitally important as light-energy traps for the life of such primitive organisms in the deeper layers of the sea, mechanisms some 2 x 109 years or more old. This led Lemberg into deep thought on problems concerning the origin of life.
Structural studies of bile pigments
As has been described earlier, Lemberg's year in Cambridge, 1930-31, undoubtedly played a major role in directing his interest in the tetrapyrrole pigments to a more biochemical and dynamic approach rather than the limited structural approach of the organic and physicochemist. His crystallization of oocyan, the green pigment of egg-shells, and the subsequent demonstration of its identity with uteroverdin was the beginning of his career as an authority on the bile pigments. On his return to Heidelberg, he confirmed their identity and also synthesized biliverdin by oxidation of bilirubin. He continued some earlier studies on the urinary and faecal bile pigments, the urobilins and biliviolins and their oxidation and reduction products. Differences were estab lished between 'stercobilin' and the so-called urobilin IXa in respect of their absorption spectra and their oxidation by ferric chloride.
During his second period in Cambridge, Rudi continued his work on the bile pigments and put forward a systematic classification emphasizing the relationship between their structure and absorption spectra.
Conversion of haems to bile pigments
Lemberg realized that the literature insistence that in the body biliverdin was formed from bilirubin was erroneous and that bilirubin was formed from biliverdin. The familiar sequence of colour changes from purple through green to yellow of a bruise was enough to indicate this. The interrelationships had been correctly conceived in the mid-nineteenth century but completely distorted at a later date. His careful reading of the literature also convinced him that Warburg and Negelein's 'green haemin ester' was in fact not a haem but a ferrichloride of biliverdin ester; it contained four Cl atoms instead of one. He demonstrated that the ester of this 'green haemin' prepared by incu bating haemin with liver homogenate was indeed the ferrichloride of biliverdin ester, thus showing that Warburg had unknowingly converted haemin into a bile pigment. This stimulated him to examine the nature of the intermediates found when haemochromogens were incubated with hydrazine in the presence of oxygen, a topic he pursued for many years culminating in the demonstra tion of the coupled oxidation of haemoglobin and ascorbic acid several years later.
When haemin was dissolved in a solution of pyridine, an amine or denatured globin in the presence of a reducing agent, such as hydrazine, the iron was reduced to the bivalent state but remained coordinated with the nitrogenous compound to form a green verdohaemochromogen. Verdohaemochromogen was also formed when an aqueous alkaline solution of haemin was oxygenated in the presence of pyridine with ascorbic acid as reducing agent. Haemoglobin itself in alkaline solution similarly treated gave choleglobin, also a haemochromogen with different spectroscopic properties. This consisted of globin and a prosthetic group resembling but not identical with verdohaem. If the globin was denatured, a cholehaemochromogen was formed. Choleglobin is also a bile pigment-iron globin complex and showed a well defined absorption band at 628 nm in the reduced form and a maximum at 670 nm in the un reduced form. It proved impossible to isolate choleglobin for further investiga tion of its structure, although it is likely that this could now be accomplished with modern chromatographic techniques. Initially Lemberg believed that verdohaem, the prosthetic group of verdohaemochromogen, had lost the amethene group of protohaem and contained a linear tetrapyrrole with hydroxyl groups in the terminal alpha positions, while the prosthetic group of chole globin retained the cyclic structure with the a-methene group replaced by an oxygen atom. However, verdohaem could be converted into a monoazahaem showing that it was verdohaem which retained the cyclic structure.
When reduced with sodium-amalgam, verdohaem gave a urobilin-like pig ment with an intense Ehrlich aldehyde reaction and which formed a green fluorescing complex with zinc acetate. The strong absorption band in the near ultraviolet, characteristic of the porphyrin ring and its derivatives, was absent but reappeared when the ring was closed. Methanolic hydrogen chloride removed the iron atom with which both the pyridine and biliverdin were coordinated, this pigment then being liberated and esterified.
Fischer and his colleagues had investigated similar green products obtained in the presence of L-ascorbic acid by the action of hydrogen peroxide or molecu lar oxygen on pyridine solutions of the iron derivatives of the methyl esters of symmetrical porphyrins such as coproporphyrin I. They considered that the porphyrin ring was not opened and that hydroxy and ketoxy derivatives were intermediates. Lemberg considered that such a structure for verdohaem was precluded because amalgam reduction would have given a porphyrinogen structure (i.e. a porphyrin ring with methane bridges) instead of the urobilin found. However, Lemberg subsequently accepted that the ring might be closed by oxygen functions.
Both choleglobin and verdohaem readily formed biliverdin on treatment with acid and much earlier than this he had already demonstrated the enzymic reduction of bilirubin in the tissues, work which was subsequently confirmed and extended by the later demonstration by Tenhunen of the close association of the enzyme biliverdin reductase with the haem oxygenase system, now known to play an important part in haem breakdown.
The verdohaem iron complex was thus shown to be a ring structure in which one methene group in the tetrapyrrole was replaced by an oxygen atom (figure 1). The detailed structure of choleglobin has never been fully elucida ted mainly because of side-reactions with reactive thiol groups in the apoprotein.
Lemberg showed that the oxidative scission of the porphyrin rings in the haemoglobin molecule took place only when ascorbic acid was also oxidized, i.e. the two reactions were coupled. Quantitatively and qualitatively the condi tions of the reactions were so mild and of such a nature that they could be considered to occur in circulating red cells.
Some bile pigments could be extracted with ether after normal red cells were treated with acetic acid, thus suggesting that approximately 1% of the total haemoglobin was present as an intracorpuscular bile pigment precursor, resembling, but possibly not identical with choleglobin. The iron of choleglobin was readily removed by the action of dilute acids, and this led some workers to correlate choleglobin content of red cells with easily split iron, i.e. that part of red cell haemoglobin from which the iron could easily be removed by the action of dilute acid. The fact that the iron of choleglobin is readily removed by dilute acids in the presence of carbon monoxide, whereas the greater proportion of the easily split iron of erythrocytes is not readily removed in the presence of carbon monoxide, indicated that choleglobin contributed to only about one-third of the easily split iron. Lemberg demon strated the presence of choleglobin-like precursors of bile pigment and biliverdin in red cells of rabbits, and showed that the amount of these substances could be substantially increased when the animals were poisoned with phenylhydrazine, an agent known to cause haemolysis of red cells vivo.
This was a major contribution to our knowledge of physiological haem breakdown and for many years the process was regarded as non-enzymic, resulting in the formation of biliverdin which was, however, rapidly converted to bilirubin by the ubiquitous biliverdin hydrogenases present in tissues.
Except for the symmetrical I lia and X llla bile pigments, formed artifactually by cleavage at the central carbon bridge of the asymmetric IXa pigment with recombination of like dipyrrolic pigments, most natural bile pigment possess a IXa structure. This implied that the breakdown of haemoglobin was associated with removal of the a-methene bridge, and led Petryka et al. to investigate the structure of the bile pigment formed by the coupled oxidation of pyridine haemochromogen. This was found to be a mixture of isomers and cast doubt as to whether coupled oxidation could be the true physiological mechanism. Numerous groups throughout the world looked for an enzymic mechanism. Japanese workers claimed that liver, spleen and kidney contained an a-haem oxygenase specifically removing the a-methene bridge. This was later refuted by many groups. The cytochrome P450-linked microsomal mixedfunction oxygenase found by Tenhunen et al. is now widely accepted as playing a major role in physiological haem breakdown. Nevertheless, others have recently reported NADPH-dependent microsomal haem cleavage activity not associated with cytochrome P450. The non-enzymic coupled oxidation mech anism has, however, been revised by O'Carra and his colleagues in Galway who showed that the oxygenase-P450 mechanism is not entirely specific, and that when myoglobin was subjected to coupled oxidation the bile pigment, though in small yield, was exclusively IXa. O'Carra has suggested that another haem group from another haem protein may combine with the myoglobin apoprotein. With repeated cycles of haem cleavage, the apoprotein would act with all the formal characteristics of an a-specific haem-cleaving enzyme. P450 apoprotein might behave similarly and in keeping with such a possibility is the fact that the haem group turns over much more quickly than the apo protein. The haem of catabolized haemoglobin might pass to a pool of hepatic haem from which a proportion would combine with the P450 apoprotein liberated from the rapidly turning over P450 which, in turn, would be cleaved by a coupled oxidation mechanism. These may be the apoproteins of other haem proteins which like P450 can possess haem cleavage activity as well as oxygen-binding and oxygen-activating functions, NADPH acting as reducing agent comparable to ascorbic acid. It appears likely that such a mechanism may supplement to an unknown extent the haem cleavage due to specific enzyme systems.
Haematin enzymes and bile pigments
Lemberg's extensive reading of the earlier literature by Fischer and his wide interests in the literature of biochemistry, appropriately documented by an efficient card index system, enabled him and his colleague J. W. Legge to produce the first authoritative monograph on the tetrapyrroles, apart from that by Fischer and Orth [3] , which was essentially a detailed catalogue of their structural chemistry. In this monograph appearing in 1949, Lemberg and Legge considered not only the structure of these compounds but put forward a classification of the bile pigments which, apart from one or two aspects which were controversial at the time, has continued to be accepted to the present day only to.be superseded by a more general classification of both porphyrins and bile pigments to be introduced in 1976 by the International Union of Pure and Applied Chemistry. They also considered at length the biosynthetic path ways, their interconversion and degradation pathways.
'Some of the conclusions and predictions, e.g. that the porphyrins are formed as intermediates or sidelines of haemoglobin synthesis; that the initial precursor would be a monopyrrole with the propionic and acetic side chains of uroporphyrin (later found to be porphobilinogen by Rimington's school); that this is formed by condensation of glycine and a product of the tricarboxylic acid cycle (now known to be succinyl-coenzyme A)-and that the side chains of protoporphyrin and haem arose by successive decarboxylation from those of the precursor and intermediate porphyrins (uro, copro) , or their derivatives (now known to be the porphyrinogens), were all revolutionary in 1946-1947 when they were reported in an ANZAAS meeting and put down in the draft of the book' (1).
Prosthetic groups of cytochrome oxidase and cytochrome a From 1949 onwards, work was mostly devoted to the study of cytochrome oxidase, the terminal enzyme in the electron transport chain of the living cell, and its prosthetic group haem a (formerly known as cytohaem). This oxidase is a key enzyme in all forms of life.
Haem a is a very unstable material, the isolation and structural elucidation of which presented considerable difficulty. The late J. Falk, who had learnt the techniques of porphyrin investigation in the Sydney laboratory was at this time with one of us (C. R.) in London, together with W. A. Rawlinson from Trikojus's laboratory in Melbourne. These three and J. H. Hale joined in a collaborative effort with Lemberg in Sydney, achieving the isolation of haem a from the cytochrome of heart muscle and the demonstration that it possessed formyl and vinyl functions. These findings were communicated jointly to the First International Congress of Biochemistry held in Cambridge in 1949.
Lemberg, appreciating that porphyrin a would be easier to separate from protoporphyrin and by-products of isolation than the corresponding iron compounds, the haemins, successfully isolated porphyrin a establishing its purity not by recrystallization, but by careful examination of the many-banded spectral absorption curve in neutral organic solvents with special attention to the ratios to one another of the heights of the various absorption bands.
Cytochrome oxidase had been long suspected of being a complex of cyto chrome a and cytochrome a3; of these only the latter could combine with oxygen, carbon monoxide and cyanide. Lemberg showed that porphyrin a accounted for all haem of the oxidase and haem a must therefore be the pros thetic group of both cytochromes a and a3. The nature of the complex was obscure and it was not impossible that a single protein might bind two mole cules of haem a in different ways. Consideration of the effect on porphyrins of various (3 substituents on the ratios of the heights of the absorption bands as well as the effect of cystine, hydroxylamine and hydrazine demonstrated the presence of a vinyl group and a formyl group, while the difficulty in separating the cytochrome or its prosthetic group from lipid without the use of detergents suggested the presence of a lipophyllic side-chain, later shown by F. Lynen and his colleagues to be a branched C15 side-chain (figure 2).
Other haem proteins may play the part of cytochrome oxidase in some bacteria, and using similar methods to those employed in the elucidation of haem a, Lemberg (1954) showed that the prosthetic group of cytochrome a2 (now d) was the iron complex of a dihydroporphyrin bearing no formyl or carbonyl groups but probably possessing a lipophyllic side-chain.
Meanwhile Lemberg and Falk (1951) had published an important comparison of the heart muscle haem a and its corresponding porphyrin a with related compounds of known structure. There then followed five important contribu tions with various collaborators on the properties of porphyrins with formyl groups including one with Parker on the spectrophotometric analysis of mixtures of protoporphyrin, porphyrin a and cryptoporphyrin a, the porphyrin of a closely associated minor accompaniment of haem a in cytochrome oxidase. In the first of three consecutive papers published in 1963 in the Proceedings of the Royal Society, Lemberg and various collaborators described the effects of carbon monoxide and of oxidation of the iron atom on the absorption spectra of haem a with and without various nitrogenous ligands such as human and bovine serum albumins and apoproteins of human and horse myoglobin and of horseradish peroxidase. The properties of these model haem proteins resembled those of bacterial cytochrome ax but not cytochrome a or a3. The linkage between haem a and apoprotein in cytochrome oxidase (i.e. cyto chrome aa3) was shown to be different from that of protohaem linked to the same protein because the spectroscopic differences between haemoglobin, haem-albumin and haemochrome and between horse and bovine haem-albumin were not found when the same ligands were linked to haem a. Moreover, there was no reversible oxygenation with the haem a globin compound nor strong peroxidase activity with the haem tf-apoperoxidase compound. In the remaining papers of the series, spectroscopic studies of haem a linked with anionic, cationic and non-ionic detergents strongly suggested that the haem protein linkage in cytochrome a3 was through a lipid and not through a nitrogen linkage. In strongly alkaline solutions, haem a denatured protein haemochromes showed absorption bands which were displaced 15-20 nm towards shorter wavelengths in comparison with those of haemochromes with other nitrogenous ligands, no doubt this being due to Schiff's base formation between the formyl group of haem a and amino groups of the protein.
Two years later, another series of three papers described the spectroscopic effects on cytochrome oxidase itself of various detergents and subsequent treatment with various agents, carbon monoxide or cyanide. The findings together with the behaviour of Schiff's bases, and of the spectroscopic differ ences in the modification of cytochrome oxidase by alkali and urea confirmed the view that both cytochromes a and a3 are haem-proteins derived from haem a. The differences between cytochrome a and a3 and between these and synthetic haem a haemochromes disappear when protein is partially un folded by alkali or urea. The carbon monoxide reaction resembles that of haem a in detergent and 1 mol of haemochrome reacts with 1 mol CO instead of with \ mol. In the normal folded state, cytochrome a3 with its high 8/a absorption band ratio differs from folded cytochrome a which with its low 8/a ratio, affords no CO reaction, like cytochrome c in which the haem is firmly bound to two nitrogen atoms of the apoprotein.
The mode of action of the enzyme and its role as 'oxygen activator' were considered in depth in a series of articles published in 1969. These effects may be dependent upon a complex interaction of the haem a group and copper ions in cytochromes a and a3 but the exact mechanism remains obscure.
Copper had long been known to be an integral part of cytochrome oxidase and the molecule aa3 contains two copper atoms. Copper deficiency was shown in 1962 to be associated with a decreased oxidase activity and with a diminution of the a3 component; an electron flow from cytochrome a2+ to cytochrome ag+ may be related to conformational or redox changes in the associated copper ions, perhaps related to a peroxide compound of aa3 as an 'oxygenated' cytochrome oxidase.
In the highly critical review volume by Barrett and Lemberg the earlier studies on the interaction of haem a with copper using physicochemical tech niques such as EPR spectrometry was touched on, but with the increased availability of sensitive and reliable equipment, further advances have been made and will be made, undoubtedly inspired by Lemberg's previous studies in this field.
A series of papers over the period 1964-68 examined in detail the formation of 'oxygenated' ferrous cytochrome oxidase, the end product of vigorous aeration of ferrous cytochrome oxidase. With less vigorous aeration, some ferric oxidase was formed together with the oxygenated compound. The oxy genated oxidase differed from ferric oxidase mainly by its absorption spectrum and kinetics of reduction by dithionite. In 1967 Lemberg worked during a sabbatical leave with Chance and Gilmour in the Johnson Research Founda tion of the University of Pennsylvania. With oxygen even at low pressure the reaction was found to be very rapid and complete within milliseconds, whereas earlier workers on this reaction had studied it after much longer times. With the use of a stop-flow dual wavelength spectrophotometer, insufficient oxygen was found to give about 30% oxygenated and 70% ferric cytochrome oxidase, similar to the results obtained with cytochrome c-deficient electron transport particles, whereas vigorous aeration gave only the oxygenated compound. It thus appeared that oxygenated ferrous cytochrome oxidase was formed by the interaction of a primary a3F e 0 2 complex with ferrocytochrome a, whereas the ferric cytochrome oxidase resulted when the complex could interact with both ferrocytochrome a3 and ferrocytochrome a to give ferric cytochrome oxidase a3+ + a3+. This behaviour is similar to that given by oxygenation of horseradish ferroperoxidase under comparable conditions. On reduction of the ferric compound with dithionite, there was a fast reduction of cyto chrome a followed by a slower reduction of cytochrome a3.
These results were not compatible with the classical view that ferrocyto chrome c is oxidized by ferricytochrome a, the ferrous form of which in turn is oxidized by ferricytochrome a3, which had been formed by autoxidation of ferrocytochrome a3, the flow of electrons being from the donors through c, a, a3 and oxygen in that order. Nor were they compatible with the view that cytochrome c was an integral part of a unitary cytochrome a occurring in two allosteric forms, for the oxygenated oxidase did not require cytochrome c for its formation or degradation.
Gilmour, Lemberg and Chance postulated that the oxygenated cytochrome a3 complex Fe2+Oa is too reactive to be detectable spectrophotometrically and interacts rapidly with ferrocytochrome a3 and ferrocytochrome a. On vigorous aeration, the former disappears rapidly and only ferrocytochrome a is left to react with the oxygenated complex of cytochrome a3, forming 'oxygenated oxidase'. With partial oxygenation both ferrocytochrome a3 and a can interact with the oxygenated cytochrome a3.
Nevertheless up to 1969, the problem of the interaction of cytochrome oxidase with cytochrome c had not been resolved. In that year Lemberg and Cutler confirmed the much faster reduction of ferricytochrome c than of ferri cytochrome a3 by ferrocytochrome c. They also showed that there were two conformationally different forms of a3+ and that since 4 ferrocytochrome c molecules were required for the reduction of 1 molecule each of ferricyto chrome a and a3, the copper atoms in a and a3 must act as acceptors of the two extra electrons. Several hypotheses have been put forward by Lemberg which take into account not only the oxygenation step but also electron transfers to and from and between the copper atoms, but the actual mechanism has not yet been elucidated.
' The cytochromes'
In a monograph published in 1973, Lemberg together with J. Barrett system atically reviewed knowledge of the cytochromes and their biochemical activities. As with his previous monograph on Haematin compounds and Bile pigments, this critical appraisal is a tribute to his painstaking thoroughness and imagina tive insight.
The tetrapyrroles
During the years Rudi Lemberg had fallen more and more under the spell of the cyclic tetrapyrroles.
'What is the unique importance of these compounds for biology ? They are unimportant for protein synthesis, for cell structure, for many compli cated cycles of intermediary metabolism; apart from haemoglobin and chlorophyll, their concentration in the biosphere is very small; their colour is of direct functional significance only for the photosynthetic pigments. However, the cyclic tetrapyrroles constitute, for most forms of life and for all more highly developed forms, the essential points of contact between organism and environment; thus chlorophyll and phycobilins for light, and haemoglobin, myoglobin and cytochrome oxidases for oxygen. They are carriers or catalysts of the process on which depends the provision of energy which maintains the metastable steady state of life. As many of them are not enzymes, I have suggested the name "ergons" for them. . . . Catalases and peroxidases play a subsidiary, but not un important, role in cellular oxidation. . . . A primitive haemoglobin of leguminous root nodules is probably involved in nitrogen fixation. Vitamin B12 is necessary for haemoglobin synthesis and has a far wider function in metabolism of one carbon units. 'We know practically nothing about the evolution of the tetrapyrroles . . . although recent findings indicate the presence of porphyrin deriva tives in meteorites and precambrian sediments.
'In spite of the bewildering variety of tasks-light sensitization, oxygen activation and transport, electron transport-it appears possible to find some common denominator which may explain the chemical fitness of the tetrapyrroles for these biological tasks. The possibility of firmly chelating metals in a practically planar tetradentate system by a multi bond system of sufficient flexibility to surround metal atoms of different radii is certainly of significance. The two remaining co-ordinate valencies of the metal perpendicular to the flat plane bind the substrates and the inhibitors, as well as protein which is essential for specificity. The whole system of metal electrons, n electrons of the nucleus, side chains, parti cularly electrophilic side chains bound to the (3-positions, and the ligands bound in the positions perpendicular to the porphyrin plate, all forms an intricate system capable of many variations. Not only is the system responsible for absorption of visible light, essential for the photosynthetic pigments, but also for the resonance stabilization of monovalent steps which may be important for the mode of action of chlorophyll as well as of haematin enzymes. . . . The problem of the evolution of the tetra pyrroles and their biosynthesis shades, as we have seen, into geochemistry'
( 1 ).
Character
Rudi Lemberg was loving and loved. It would be idle to repeat what has already been said in these pages, but there are one or two other aspects of his character which have not so far been touched upon.
He could be saddened, even angry, by actions he felt were an injustice to others, as when, during his later years, he strongly criticized the Canberra decision to transfer responsibility for the funding of much research into the basic medical sciences from the National Health and Medical Research Council to the Australian Research Grants Commission. He felt that this would inevit ably place the smaller research institutes and pre-and para-clinical depart ments in a handicapped position as they would have to compete with requests from all other branches of pure and applied science and with industry. D. B. Morell writes, 'He will be remembered particularly by a large group of people who will recall with affection a basically gentle friend and scholar sometimes roused to headlong action who occasionally could be exasperating-all because of his ideals and his deep concern for his fellow men' [4] .
Rudi was a dedicated pacifist, but Jew clashed with Quaker over the problem of Israel, an unresolved emotional conflict which he did not try to hide from himself. 'The thought of taking a gun and rushing out into the desert really appealed to him. He was not happy about the pacifist enjoying the advantages of the militarism of others; namely he was convinced that the world owed a debt to the Allies for the defeat of Nazi Germany. On the other hand, he was entirely opposed to Australian and American intervention in Vietnam' (Lockwood).
He wrote a very business-like, but moving article on the Refugee problem in South Vietnam, using largely information made available by the American Friends Service Committee which was doing valuable refugee work in the country.
Rudi Lemberg had suffered grievously at the hands of his fellow Germans in the Hitler era and lost his mother and other relatives in concentration camps. Yet he was able to forgive.
'Persons who have suffered at the hands of others do not find it difficult to forgive, nor even to understand the people who caused their suffering. They do not find it difficult to forgive because out of suffering and sorrow truly endured comes an instinctive sense of privilege. Recognition of the creative truth comes in a flash; forgiveness for others, as for ourselves, for we too know not what we do. . . . All begins with forgiveness. Even the spring is a re-beginning because it is sheer, utter forgiveness and redemption of the winter and its murder of leaves.' L aurens V an der Post in Venture into the interior [10] .
Biographical Memoirs 'M y last testament' (2) This remarkable declaration of Rudi Lemberg's faith and his outlook on life and death has been reproduced in Encounter with Rudi Lemberg (4) . It is in no sense a legal document, 'but just as one has to face up to life and its obligations, one has to face death' (2) .
Rudi did not believe in a personal life after death in conventional terms but rather in every man's involvement in the continuing evolution towards ever-increasing complexity, yet towards increasing simplicity and unification which was to him Eternity. 'I believe that what man does on earth is never entirely lost. I do not accept that everything in man's life is sacramental, but much of it is, and that part is eternal' (3).
These are the thoughts of a mystic. He rejected the dogma of the Christian Church which, he felt, had obscured the true essence of Christianity. 'This is the meaning of the Quaker phrase "That of God in every man"-a call to honour the human dignity in the poorest of our fellow men' (2) . Quakerism is opposed to dogmatic pronouncements and in its liberality finds place for much divergence of opinion. Its central belief, however, in the Inner Light in every man was one in which Rudi Lemberg found spiritual satisfaction and conviction. Through the concept of complementarity he had reconciled Science and Religion, between which his conscience found no conflict.
The serenity of his matured philosophy is best conveyed by reproducing the quotation from Rilke's Stundenbuch by which he opened his autobiography 'Chemist, biochemist and seeker in three countries' (1) .
'Who gratefully accepts the many contradictions of his life, Sets them like jewels in a ring into an image meaningful, And from his palace drives the noisy throng, Enters a new, a festive mood, And when his quiet evening comes Thou art the guest whom he receives.'
For assistance in writing this memoir we are particularly grateful to Mrs Lemberg who lent us several typescripts of lectures and addresses etc., and to Mrs K. Carson, Secretary of the Institute for Medical Research at the Royal North Shore Hospital, Sydney, Australia, who gave us valuable biblio graphical information.
Among Rudi Lemberg's colleagues and friends who have also given us kind assistance, we would like to mention especially Sir John Eccles, W. H. Lockwood, J. E. Legge and D. Morell.
The photograph is by Australian Consolidated Press Ltd, who kindly gave permission for its reproduction.
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